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Executive Summary 
Motor Boaters USA has received shipments of outboard motors, from Japan, through Tacoma, 
Washington. The organization wants to evaluate the current distribution network and explore 
different avenues of distribution. The organization assigned the task of evaluating their motor 
distribution network to a team of Industrial and Systems Engineering (ISyE) students at Kennesaw 
State University, Marietta campus. The task is broken into three scenarios. For the first scenario, 
the team must evaluate the feasibility of shipping motors throughout the U.S. from Atlanta, 
Georgia, as opposed to Tacoma. For the second scenario, the team must evaluate the feasibility 
of shipping motors throughout the U.S. from both Tacoma and Atlanta. For the third scenario, the 
team must evaluate the feasibility of shipping motors through the U.S. from Tacoma, Atlanta, and 
Chicago. 
Through data cleaning, data analyses, clustering methods and network calculations, the YACD 
analysts were able to find optimized solutions to their network in order to present an option 
moving forward. The YACD team examined three alternatives. The first alternative included 
moving the port-of-entry from Tacoma, Washington to Savannah, Georgia. The second alternative 
included adding a port-of-entry to Savannah, Georgia to compliment the port-of-entry in Tacoma, 
thereby creating two separate distribution regions, the east and the west. The third alternative 
included a third regional distribution center in Chicago, Illinois, along with the already installed 
second port-of-entry at Savannah. 
After calculations were carried out, the YACD analysts found that with the inclusion of a 
distribution warehouse in Chicago, the most efficient network distribution can be utilized. Due to 
the large savings, it would be feasible to purchase or lease a warehouse in Chicago for 
distribution. Because MBUSA does not express interest in purchasing or leasing a warehouse in 
Chicago, the second alternative is the most feasible. Finally, although the first alternative reduced 
the trucking mileage greatly, the costs did not reduce but increase slightly. 
Through these findings, the YACD recommends that MBUSA pursue having a port-of-entry at both 
Tacoma and Savannah, thereby splitting the nation into two trucking divisions, east and west.  
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Chapter 1: Introduction 
1.1 Company History and Team 
 
Motor Boaters USA 
 
Motor Boaters USA (MBUSA), is a recognized leader in the power sports industry. MBUSA has 
grown to $3.3 billion dollars in sales while employing around 4,000 people for the consolidated 
2016 year. MBUSA products include a strong marine line including outboard motors, speedboats, 
and other aquatic recreation craft along with a formidable land-side line including all-terrain 
vehicles, golf carts, snowmobiles, motorcycles, and utility vehicles. MBUSA products are 
distributed through a nationwide network of dealers and original equipment manufacturers 
(OEMs) in the United States. The brand is bolstered with offices distributed across the country 
 
Yesenia Ali Chase Djanene (Y.A.C.D.) Network Analysts Team 
 
The Y.A.C.D. Network Analysts team members include Yesenia Pérez, Djanene Manuel, Ali Ghiasi, 
and Chase Griffith. Yesenia is an ISYE program major with an emphasis in Industrial Engineering 
and will be the Project Manager. She will work to develop and maintain timeline and goals. Ali, 
an ISYE major with an emphasis in Systems Engineering and will be the Team Leader/Logistics and 
Supply Chain Manager. Ali will evaluate improvements to logistics and transportation methods. 
Chase, an ISYE program major with an emphasis in Systems Engineering, will be the Business 
Analyst and Project Optimization Specialist. He will be defining, analyzing and documenting 
requirements as the project progresses. Djanene, an ISYE program major with an emphasis in 
Industrial Engineering, will be the Video Director and a Technical Writer. In addition, she will 
provide software expertise. The project term will be supported by members of the MBUSA 
Logistics and Sales Division. 
1.2 Overview 
As part of the international supply chain for finished goods, MBUSA has multiple manufacturing 
facilities located on both Asian and South American continents. The manufacturing facilities 
located in Asia ship finished goods to the United States, where they arrive at ports-of-entry in 
Tacoma, Washington and Los Angeles, California. Finished goods shipped from South America 
arrive at the Los Angeles port-of-entry (POE) and are then moved via rail to Lithia Springs in 
Atlanta, Georgia. While many types of products come from these locations, the focus of this 
project will be on the outboard motors product group, arriving at the POE in Tacoma, Washington 
and the shipping distribution network. 
 
The main goal of this project is to optimize the large and small outboard motor shipping 
distribution network by becoming as cost effective as possible. This will be accomplished through 
the reduction of transportation costs and distances. To achieve this goal, there are multiple 
factors to take into consideration, including the quantity of import containers and their units, 
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customer sales data, warehouse rates, volume growth assumptions, transit distances by mode 
and transit costs by mode. 
1.3 Objective 
The objective of this project focuses on helping MBUSA investigate potential improvement in US 
distribution network, to reduce the total cost and improve the service performance. 
The Scope of Work includes: 
• Creating a historical baseline model 
• Comparing model baseline to “What-If Scenarios” 
• Inclusive Product: Outboard Motor Product Group 
• Product sourcing: Only Consider Domestic Distribution Facilities 
• Product Flow 
o Import to Regional Distribution Center (RDC), with product transferring by Light 
Truck Load (LTL) and Full Truck Load (FTL) 
o RDC to dealer distribution (LTL and FTL) 
• Consider current and future volume growth: 2019-2021 
1.4 Justification 
Optimizing a distribution network presents multiple primary and secondary improvements. The 
primary improvements include reducing shipping costs and developing efficient intermodal 
transportations. The secondary improvements include emboldening a higher quality of life, 
encouraging a healthier planet through a sustainable method of operations and creating a 
replicable system for future review and improvement. 
 
As with any successful business, profit is key. Logistics and supply chain analysis can lend 
immensely to increasing profit and one of the most effective ways to increase profit is to reduce 
costs. An efficient transportation system carries with it low costs but they will rarely be static and 
almost always be dynamic. Focusing on the changing aspect of the network and rates will help 
keep costs low and profit high. These changing shipping rates can be broken into individual 
entities of cost. These individual entities include topics such as vehicle maintenance costs, hourly 
rates, handling costs, and insurance costs, to name a few. By developing efficient intermodal 
transportation, time on the ocean and roadways can be reduced. Reduction in transportation 
time lowers these costs, which can, therefore, have a positive impact on profit. Outside of the 
obvious, profit-driven, reasons to improve a distribution network, there are other, humanity-
driven, reasons to improve a distribution network. 
 
As the modern era of business has progressed, it has become more common for companies to 
focus on valuing the individuals and surrounding environment affected, directly and indirectly, by 
its products or services. Businesses have focused on individuals and the environment through 
promoting a higher quality of life as well as a consideration for nature and the environment. An 
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efficient distribution network is no different regarding these concerns. Through the use of an 
efficient network, trucking routes can be shortened in order to effectively decrease the time spent 
on the road, fuel usage, and transportation waste. These reductions will have a positive impact 
on quality of life and the health of the environment. 
1.5 Project Background 
Currently, MBUSA imports small and large outboard motors into Tacoma from an Asian supplier. 
From Tacoma, the motors may be moved inland to RDC, via truck, in Tacoma to be shipped, via 
truck, to dealers and OEMs around the nation. The motors may also be moved, via rail, from 
Tacoma to an RDC in Lithia Springs, Georgia where the motors are shipped, via truck, to dealers 
and OEMs around the nation. MBUSA has been working with third-party logistics organizations 
to regularly analyze and change their distribution network. The Y.A.C.D. Network Analysts team 
will be working primarily with MBUSA’s logistics and supply chain group. 
1.6 Problem Statement 
MBUSA currently has one RDC in Tacoma and one RDC in Atlanta. The MBUSA logistics and supply 
chain team want to analyze last previous year shipping data along with the next three years’ 
projections in order to predict what should be done regarding a more effective outboard motor 
shipping network and reduction of transportation costs. 
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Chapter 2: Literature Review 
2.1 Data Analysis 
To analyze the data and to create the historical and the model baseline, a specific and an efficient 
analysis and decision models was developed. According to the article from Jivanah Venugopalan 
et. al. entitled, Analysis of Decision Models in Supply Chain Management, “In today’s scenario, 
supply chain processes have been greatly influencing businesses and trades globally. Customer 
needs are sought to be met reducing lead times thereby leading to enhanced delivery with quality 
standards and reasonable prices kept in mind. Considering the historical as well as interpreted 
data and analyzing all factors involved, firms/organizations can forecast what the trade scenario 
in the future. Nowadays, computerized mechanisms and technology has taken over a crucial role 
in the field of supply chain. This has led the models, which were designed and developed from 
the existing models, to be implemented in terms of software or 'optimization tools' in order to 
acquire a rapid and more precise result.  A platform for developing such tools is provided by Math 
Works in the form of MATLAB programming [5].”  
2.2 Transportation Models 
In the article The Role of Transportation in Logistics Chain, the authors emphasize the importance 
of an efficient transportation systems, “Transport system makes goods and products movable and 
provides timely and regional efficacy to promote value-added under the least cost principle. 
Transport affects the results of logistics activities and, of course, it influences production and sale. 
In the logistics system, transportation cost could be regarded as a restriction of the objective 
market. Value of transportation varies with different industries. For those products with small 
volume, low weight and high value, transportation cost simply occupies a very small part of sale 
and is less regarded; for those big, heavy and low-valued products, transportation occupies a very 
big part of sale and affects profits more, and therefore it is more regarded [6].” 
 
"Many buyer and supplier contract negotiations ignore the impact of transportation charges on 
supply chain costs and order sizes. What the field of purchasing has traditionally considered a 
cooperative relationship between a buyer and supplier cannot possibly optimize supply chain 
costs without involvement of the transportation carrier in the process. Trilateral optimality refers 
to a supply chain where seller, buyer, and carrier costs are explicitly considered in establishing 
optimal lot sizes. It is proposed that comprises by the buyer, the seller, and the carrier can serve 
to improve profitability for all parties [7].” 
2.3 Clustering Algorithms 
An effective way to study and analyze large sets of data is by dividing the data points into groups 
with the same similarities. This can be done using the cluster analysis. “Cluster analysis is the 
formal study of methods and algorithms for grouping, or clustering, objects according to 
measured or perceived intrinsic characteristics or similarities. The aim of clustering is to find 
structure in data and is therefore exploratory. One of the most popular and simple clustering 
algorithms, K-means, was published over 50 years ago and thousands of clustering algorithms 
have been published since then, K-means is still widely used [8].” 
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In An efficient enhanced k-means clustering algorithm, present a modified clustering algorithm 
and discuss the advantages of using the algorithm as opposed to other, more traditional clustering 
algorithms. K-means clustering utilizes a “prototype,” which is described as a center that is the 
mean value of all objects belonging to a cluster. In the improved algorithm, clustering is more 
efficient based on the search method involved. While the traditional k-means method included 
data points already included within a specified distance to the established cluster centroid, the 
new method ignores these data points and searches for points that are further away. This method 
drastically reduces the burden on software and hardware as well as time taken for calculations 
[9]. The improved method is important to our study because of the massive amount of data points 
involved. In order to secure a solution faster and quicker, the Y.A.C.D. team will manipulate and 
collapse data, which will lead to an acceptable solution faster and easier. 
2.4 Simulation 
Conceptual models are valid descriptions of reality, therefore, using simulation as a supply chain 
optimization tool is a great way to create and test models without costly real-world experiments. 
“Simulation refers to a broad collection of methods and applications to mimic the behavior of real 
systems, usually on a computer with appropriate software [10].” “Computer simulation refers to 
methods for studying a wide variety of models of real-world systems by numerical evaluation 
using software design to imitate the system’s operations or characteristics, often over time [10].” 
In this project, we used the Arena simulation software to carry out our computer simulation 
studies.   
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Chapter 3: Problem Solving and Project Management 
3.1 Problem Solving Approach 
To solve this problem, historical shipping information will be analyzed, a model baseline will be 
created, multiple what-if scenarios will be tested, and one or more optimal alternatives will be 
selected. 
 
MBUSA has provided historical shipping data from 2018 as well as projected shipping predictions 
for 2019, 2020 and 2021 years. The shipping data from 2018 will be analyzed as a historical 
baseline and, through interpretation, a model will be created. The model will represent the status 
of the shipping distribution network at the end of the 2018 year. Once the historical shipping 
information has been analyzed and the model has been created, multiple scenarios will be 
explored. 
 
The scenarios to be explored include: 
• Moving the POE 
• Adding an additional POE 
• Adding a POE and an RDC 
 
Each of the scenarios include a different supply method for the RDCs, which receive, hold and 
ship products to dealers and OEMs. First, we will consider moving the POE location from Tacoma 
to Savannah, Georgia, placing primary distribution responsibilities on the Atlanta RDC. Second, 
we will consider adding a POE to Savannah, Georgia. This added POE will complement the POE in 
Tacoma, creating two distribution areas. Third, while using the two POEs from scenario 2, we will 
add an RDC in Chicago and use it as a distribution point, which will allow distribution to be divided 
into three areas. 
 
Once the different scenarios have been explored, we will consult with the MBUSA logistics team 
and discuss the feasible options. Feasible options will be approved by MBUSA for continued 
inspection and calculation. Having options available to us will allow for the processing of data and 
creation of equations to be used in calculations and simulations. After multiple simulations have 
been completed and one or more options have been found to be optimal, the MBUSA logistics 
team shall begin a course of action if desired. The process activity diagram for the steps 
mentioned above are shown in figure 1. 
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Figure 1 – Problem Solving Process Activity Diagram 
 
3.2 Minimum Success Criteria and Requirements 
In order to be considered minimally successful, the Y.A.C.D. team must improve the efficiency of 
the outboard motor distribution network currently in place within the United States. Improving 
efficiency will be defined in two parts, decreasing the cost of transportation and decreasing the 
distance of shipment travel, which will improve service performance. 
 
Transportation costs within the scope of this study include those costs associated with moving 
product over the Pacific and Atlantic Oceans as well as costs associated with moving product 
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through the Panama Canal. Other costs are those associated with moving product by rail and 
truck. 
 
Distances within the scope of this study include those oceanic distances associated with moving 
product from Asian sources to Tacoma, Washington or Savannah, Georgia. Distances within the 
scope of this study include those transnational distances associated with moving product either 
by rail or by truck to many locations within the U.S. 
3.3 Gantt Chart  
In order to manage this project efficiently, effectively and in a timely manner, a Gantt chart was 
created. The chart shows the tasks that need to be performed against time as shown in Figure 2. 
The project began with the identification of the systems requirements and preliminary meeting 
with MBUSA. 
 
 
 
Figure 2 – Gantt Chart 
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3.4 Schedule 
The schedule of the tasks is shown below. 
 
PROJECT TASK          
TEAM TASKS START 
DATE 
DUE 
DATE 
% 
COMPLETE 
Duration of 
Tasks (Days) 
1. Project Definition and Scope 1/9/19 1/23/19 100% 15 
1.1 Preliminary Meeting with 
MBUSA 
1/15/19 1/15/19 100% 1 
1.2 Identify Systems 
Requirements 
1/9/19 1/21/19 100% 13 
2. Problem Solving Approach 1/23/19 3/20/19 100% 56 
3. Create Historical Baseline 2/27/19 3/8/19 100% 9 
4. Meet with Advisors 3/4/19 3/4/19 100% 1 
5. What if Scenarios 2/27/19 4/9/19 100% 41 
6. Video and Poster 3/20/19 4/25/19 100% 36 
7. Complete Calculations 2/20/19 4/9/19 100% 48 
8. Finish Writing Technical 
Report 
1/9/19 4/29/19 100% 106 
 
Table 1 – Team Schedule 
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3.5 Project Management 
The project responsibility is divided among four individuals. First, the project manager is 
responsible for overseeing the achievement of the project objectives and obtaining the necessary 
software. Second, the team leader is responsible for directing individual objectives and managing 
the logistics and supply chain issues that arise. Third, the business analyst is responsible for 
verifying those cost requirements are met as well as overseeing project optimization. Fourth, the 
technical writer is responsible for moving plans, concepts, ideas, results and discussion into the 
project document as well as recording and editing video that is applicable to the project. 
3.6 Responsibilities 
Responsibilities are listed below as well as the individuals who are responsible for the 
implementation of those responsibilities. The responsibilities are not absolute and it is likely that 
responsibilities will be shared evenly amongst the group. 
❏ Yesenia Pérez – Technical Writer/Video Director/Researcher 
❏ Ali Ghiasi – Team Leader/Data Analyst/Project Optimization Specialist 
❏ Chase Griffith – Technical Writer/Data Analyst/Project Manager 
❏ Djanene Manuel – Technical Writer/Project Coordinator/Researcher 
3.7 Budget 
Currently, there are no costs associated with the project. However, hypothetical costs have been 
examined and are discussed below. 
 
The hypothetical costs associated with this study include eight broad cost categories. While one 
category may be derived from another, they are discussed individually for clarity. The cost 
categories examined are ‘software purchasing’, ‘license renewal’, ‘consulting’, ‘relocation’, 
‘warehousing rentals’, ‘warehousing construction’, ‘handling’ and ‘Panama Canal’. 
 
Regarding software purchasing and license renewal, a software package called ‘SAP’, as well as its 
subsequent license agreement, was purchased some years back and would not be included in the 
logistics teams’ budget. The depreciation for the software is passed on to sales so, again, logistics 
would not include it within its budget. 
 
Regarding consultants, MBUSA does not explore outside assistance through consulting. 
Therefore, consulting is not included within the logistics budget. All work is completed in house 
by hired employees of MBUSA. 
 
Regarding relocation, there is rarely a relocation cost due to it being included within a contract 
agreement and handled by the third party requesting the relocation. On the occasion that a 
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relocation cost does fall on MBUSA, it usually amounts to twenty-five thousand dollars. Due to 
the lack of relocation for this project, its cost will not be considered. 
 
Regarding warehousing rentals, there is a significant portion of this study devoted to adding and 
removing warehousing as well as changing warehousing location. Due to this large portion, 
warehousing rental rates were found through a quick internet search. The rates are specified by 
dollars per square foot per month. For Tacoma, the average rate is $0.9228/Sq. Ft./Month [1,2]. 
For Chicago, the average rate is $1.0558/Sq. Ft./Month [3]. For Atlanta, the average rate is 
$0.8034/Sq. Ft./Month [4]. From initial inspection, it can be seen that the ideal location for 
warehousing is Atlanta for one warehouse location and Atlanta and Tacoma for two warehouse 
locations. 
 
Regarding warehousing construction, there is no plan to construct new warehousing on part of 
MBUSA so this cost will not be considered. 
 
Regarding handling, there is a $6/per unit cost. This cost includes all handling applications 
including unloading, storing, picking and shipping. This cost also plays a large role in final 
calculations so it will be more deeply explored during calculation completion. 
 
Regarding Panama Canal fees, any extra cost associated with transport through the Panama Canal 
is included in the ocean rates. Since these costs are already included, there is no need to call them 
out individually throughout the remaining portion of the report. 
3.8 Materials Available 
This section lists the current materials that are both available for use and likely to be used. It is 
likely that not all of the materials listed will be used and that we will add materials as the project 
progresses. 
 Arena Simulation 
 Lingo Optimization Software 
 Microsoft Excel 
 Microsoft Word 
3.9 Resources Available 
This section lists the resources that are available to the Y.A.C.D. team. The resources available are: 
 Professors at Kennesaw State University 
 MBUSA 
 Third-Party Logistics 
 KSU Library and Databases 
 Previous Senior Design Projects 
 Internet 
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Chapter 4: Data Analysis 
4.1 Data Breakdown 
Before beginning data analysis, the data received was reviewed and cleaned for ease of reference. 
The raw data included the following elements: 
 
 Plant/Warehouse: representing starting points 
 Bill of Lading (BOL) Number: used solely for LTL shipments 
 Master Bill of Lading (MBOL) Number: used solely for FTL shipments 
 Ship Date: not referenced during study but included for possible future analysis 
 Carrier: not referenced during study but included for possible future analysis 
 Means of Transport: different means are ship, rail, and road 
 Ship Mode Code: not referenced during study but included for possible future analysis 
 The Logistics Division (TLD) Ship-To Party: not referenced during study but included for 
possible future analysis.  “The Logistics Division” is a third-party invoicing company 
 TLD Ship-To Party: Postal Code - the postal codes were used to estimate average shipping 
distance 
 TLD Ship-To Party - Region: not referenced during study but included for possible future 
analysis  
 Model-Key Shipment Quantity: not referenced during study but included for possible 
future analysis 
 Quantity on Element: not referenced during study but included for possible future analysis 
 Distance: the main factor in each scenario calculation; used to estimate average shipping 
distance 
 
4.2 Data Cleaning 
Once the data received was fully broken down, cleaning of data was necessary in order to better 
implement calculation and for clear understanding upon reference. First, rows including a hashtag 
(#), the phrase ‘no assigned’, and the abbreviations ‘CONF’ or ‘POOL’ were deleted because of 
their insignificance to outcome of the project. Some cells, those using nine-digit zip codes, had to 
be reduced in value for ease of use. Because other cells only used five digits, the nine-digit zip 
codes were reduced to five. The shipment method cells were changed from broad categories to 
detailed categories. The LTL data was transformed into LTL from Tacoma, and LTL from Atlanta. 
This was done because of the importance of having Tacoma and Atlanta as the only locations of 
imports in the U.S. and having LTL as the only method of transport within the U.S. The data 
cleaning was completed in Excel. 
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4.3 LTL Rate Calculation 
After the data had been cleaned, we reviewed it and spoke with a MBUSA representative 
regarding an explanation on the amount spent by MBUSA for the 2018 year. What was explained 
is summarized as follows. The rate per mile was applied as LTL. 
 
For an LTL shipment, one must refer to the Bill of Lading (BOL) number and apply the rate to the 
number of miles included from the starting point to the stop point. Please see table 1, “LTL Data 
1,” for reference during the explanation of the example below. 
 
 
A B C D E F G H I J K L 
0020 20T0002425 L600031459 1/2/2018 SEFL LTL 
BOAT 
STORE Missouri 
F90J
B 1 807.1 807.1000346 
0020 20T0002425 L600031459 1/2/2018 SEFL LTL 
BOAT 
STORE Missouri 
F90J
B 1 807.1 807.1000346 
0020 20T0002426 L600031459 1/2/2018 SEFL LTL 
BOAT 
STORE Missouri 
F90J
B 1 148.9 148.8997541 
 
Table 2 – LTL Data 
 
Referring to BOL 20T0002425, located under column B, there are two lines including 2 units. 
Those 2 units traveled a distance of about 807.10 miles. Using this mileage and the LTL rate of 
$1.68 per mile, a total of $1,355.76 was spend moving these units to Missouri. A third unit was 
sent separately from the first two to the same location. The LTL rate was again applied to the 
mileage of the third unit, which was 148.90 miles, and the total came to $250.32. This makes a 
grand total of $1606.08. Once the LTL mileage and rates were examined, reducing the number of 
shipping locations from around 51,000 to 50 was the next step. 
4.4 Clustering Calculation and Verification 
In order to facilitate the project, a massive reduction of shipping locations needed completing. To 
accomplish this, all mileages for each state were averaged and one single mileage was used as a 
clustered point.  
 
To find clustered points for each state, all zip codes were organized by their respective state, as 
shown in figure 4. Next, the mileages paired to the organized zip codes were averaged to create 
one distance, which was used in conjunction with the state containing the averaged zip codes. 
This is shown in table 2. The number 2946.5, next to “Connecticut”, is the average mileage of the 
numbers shown below it. This number is the clustered value representing the state of 
Connecticut. 
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Figure 3 – Zip Codes of Connecticut 
 
 
 
 
Figure 4 – Average Mileage of Connecticut 
 
 
Once the clustered values were calculated, the number of times a truck visited each state was 
multiplied by the clustered value in order to find the weight each state had on the nation.  The 
weight multiplied by the LTL rate represents the cost of moving a shipment from an RDC to an 
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endpoint. The cost is applied to each scenario calculation affecting the feasibility of taking one 
route, starting in the same place and ending in the same place, over the other. “A weighted 
average is extremely useful in that it allows the final average number to reflect the relative 
importance of each observation and is thus more descriptive than a simple average. It also has 
the effect of smoothing out data thereby enhancing accuracy [11]”. 
 
In order to verify the clustering average paired with the rate, a cost verification equation, shown 
below as equation 1, was used. Its result was compared to a value supplied by MBUSA. 
 
Equation 1: Average Mileage from Tacoma x How Many Times by LTL? x (LTL rate) = LTL Total Cost (LTLTC) 
As an example, the state of Alabama is considered. The following values are obtained from table 
3. The average mileage to Alabama from Tacoma is 2738.277 miles and a truck transported goods 
a total of 176 times. When applied to equation 1, 
 
2738.277 miles x 176 visits x $1.68 = $809,653.74 
For 2018, MBUSA spent $809,653.74 on shipping from Tacoma to Atlanta. Next, summing each 
state’s LTL Total Cost produces the LTL Total Cost for the U.S. as shown in equation 2. 
 
Equation 2:   
 
Using equation 2 to sum 50 iterations, for each state, of equation 1, the resulting number comes 
to $82,729,949.48. If this number is compared to the MBUSA-supplied value, it can be verified 
that this clustering method produces nearly the same value and can be used for this project. 
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Table 3 – State Weights 
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4.4 Scenario Implementation and Results - LTL 
Before explaining the results of the calculations below, a recap of the 2018 situation, along with 
expectations for new situations, will be covered. At the end of 2018, the total cost of shipping 
units, by ocean, from Japan to Tacoma and then shipping units, by truck, from Tacoma to the 
retailers amounted to $10,819,727.35. Given that about 50% of the units entering Tacoma will be 
shipped to the southeast, it was proposed that moving the port-of-entry to Savannah or having a 
port-of-entry at Savannah would likely yield the optimized solution for the given problem. Please 
note that ocean, trucking and railway rates were given and no additional rate calculation was 
needed. 
For the first LTL scenario, Savannah was used as the only port-of-entry as opposed to Tacoma with 
Atlanta representing the regional distribution center. Implications for the use of Savannah include 
increased ocean miles and costs. The ocean rate changed from $46.04 to $73.17 per unit while 
the trucking rate stayed at $0.183 per mile. Please see figure 5, “Scenario 1 Map”. Upon 
completion of the calculations, the result indicated that although the bulk of the shipments ended 
the southeast, the higher ocean rate pushed the total cost past the 2018 amount of 
$10,819,727.35 to $10,952,925.85. This new total cost indicates that moving the port-of-entry to 
Savannah from Tacoma is not worth consideration. 
  
 
Figure 5 – Scenario 1 Map 
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For the second LTL scenario, Tacoma and Savannah were used as the only ports-of-entry with 
Tacoma and Atlanta representing the regional distribution centers for the West and East, 
respectively. Again, implications for the use of Savannah include increased ocean miles and costs. 
The ocean rate for Tacoma was $46.04 per unit and the ocean rate for Savannah increased $73.17 
per unit with the trucking rate of $0.183 per mile. Upon completion of the calculations, the results 
indicated that the nation would be split into two portions for optimized shipping. Please see figure 
6, “Scenario 2 Map,” for an illustration of the nation split into two portions. The new shipping 
distribution resulted in total cost savings of $2,970,125. This new total savings indicates that 
having one port-of-entry in Tacoma and one in Savannah is worth consideration. 
 
 
Figure 6 – Scenario 2 Map 
For the final LTL scenario, Tacoma and Savannah were used as the only ports-of-entry with 
Tacoma, Atlanta and Chicago representing the regional distribution centers for the Pacific, 
Midwest and Southeast, respectively. Please see figure 7, “Scenario 3 Map,” shown below. 
Because Chicago was used as a distribution point, rail was included to move units from either 
Tacoma or Atlanta. First, a comparison was completed to determine whether units shipping from 
Chicago should arrive by rail from Tacoma or Atlanta. Because the ocean and railway rates of 
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$46.04 per unit and $43.05 per unit, respectively, from Tacoma presented a more economical 
railway option, it was determined that all units shipping from Chicago would arrive by rail from 
Tacoma. Once the railway source was determined, a trucking rate of $0.183 per mile was used to 
calculate the costs for each region. These costs were summed to result in a total cost of 
$6,340,423. This new total savings indicates that having two ports-of-entry in Tacoma and one in 
Savannah as well as three regional distribution centers in Tacoma, Atlanta and Chicago is worth 
consideration. 
 
 
Figure 7 – Scenario 3 Map 
4.5 Scenario Implementation and Results - FTL 
Before explaining the results of the FTL calculations, a point will be highlighted. Due to the nature 
of the FTL shipments, a straight forward calculation, such as one similar to LTL, could not be 
implemented. For instance, a typical FTL shipment can be described as having one starting point 
and one ending point with one or multiple points in between. Because the start point and the 
end point could be the same, in terms of the state, calculating weighted averages for each state 
gets muddled. In order to remedy this issue, a method was carried out in which the “maximum 
mileage” was used for calculating weighted average. Although this maximum mileage was 
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successfully used to cluster shipping destinations into one location per state, it could not be used 
to show cost savings. This will be more readily shown in the scenario explanations below. Also, 
please refer to figures 6 and 7 when visualizing the distribution setup for scenarios 2 and 3, 
respectively. 
For the first FTL scenario, Savannah was used as the only port-of-entry as opposed to Tacoma with 
Atlanta representing the regional distribution center. Implications for the use of Savannah include 
increased ocean miles and costs. The ocean rate changed from $46.04 to $73.17 per unit while 
the trucking rate was $1.51 per mile. Upon completion of the calculations, the result indicated 
that due to the massive cost savings of $9,76,887.80 (84%) was reached, shipping most units from 
Atlanta is a worthwhile consideration. This savings amount is not accurate due to the sensitive 
nature of the calculation. 
For the second FTL scenario, Tacoma and Savannah were used as the only ports-of-entry with 
Tacoma and Atlanta representing the regional distribution centers for the West and East, 
respectively. Again, implications for the use of Savannah include increased ocean miles and costs. 
The ocean rate for Tacoma was $46.04 per unit and the ocean rate for Savannah increased $73.17 
per unit with the trucking rate of $1.51 per mile. Upon completion of the calculations, the results 
indicated another massive savings of $9,176,887.80 (84%), which indicates shipping units from 
Tacoma and Atlanta is a worthwhile consideration. This savings amount is not accurate due to the 
sensitive nature of the calculation. 
For the final FTL scenario, Tacoma and Savannah were used as the only ports-of-entry with 
Tacoma, Atlanta and Chicago representing the regional distribution centers for the Pacific, 
Midwest and Southeast, respectively. Because Chicago was used as a distribution point, rail was 
included to move units from either Tacoma or Atlanta. First, a comparison was completed to 
determine whether units shipping from Chicago should arrive by rail from Tacoma or Atlanta. 
Because the ocean and railway rates of $46.04 per unit and $43.05 per unit, respectively, from 
Tacoma presented a more economical railway option, it was determined that all units shipping 
from Chicago would arrive by rail from Tacoma. Once the railway source was determined, a 
trucking rate of $1.51 per mile was used to calculate the costs for each region. These costs were 
summed to result in a total cost savings of $9,188,761.70. This new total savings indicates that 
having two ports-of-entry in Tacoma and one in Savannah as well as three regional distribution 
centers in Tacoma, Atlanta and Chicago is a worthwhile consideration. This savings amount is 
not accurate due to the sensitive nature of the calculation. 
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Chapter 5: Simulation with Arena and Lingo Optimization 
When the project began, a plan was made to involve Arena software. Arena is a simulation 
software that allows the user to build real-world models in order to test and optimize 
transportation routes. It is in this testing and optimization of transportation routes that 
made Arena appealing. However, it was overlooked that, given the training ISyE students 
encounter with the software, an interarrival time was required. Because the project 
consisted only of receiving goods at Tacoma and Atlanta and did not include time between 
receiving of goods, Arena was not applicable to the project. Because an attempt was 
made to incorporate Arena in the optimization of this project, the results were included in 
this paper. 
5.1 Scenario 1 – LTL Arena Results 
The data in the table below shows the LTL data analysis of the total mileage for the 2018 
year. While the total mileage is accurate, the total cost is not and should show, instead, a 
value of $10,819,717.35. 
 
 
Table 4 – LTL Arena Values 
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5.2 Scenario 2 – LTL Arena Results 
The data in the table below shows the data analysis of the total mileages from each 
distribution center at Tacoma and Atlanta. The simulation results in figure 5 below show 
the distribution of weight between units shipped from Tacoma and those shipped from 
Atlanta. 
 
 
Figure 5 – LTL Arena Comparison 
 
5.3 Scenario 2 – LTL Arena Model 
Figure 8 shows the Arena model setup for LTL scenario 2. There are two assignments for 
ocean rates, two entry points representing Tacoma and Savannah, two assignments for 
trucking costs and two destinations representing the distribution routes out of Tacoma and 
Atlanta. 
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Figure 8 – Arena Model 
5.4 Scenario 3 – Lingo 
Lingo is optimization software that calculates the optimal alternative, given multiple 
alternatives, through many iterations of scenarios. Using Lingo, the team wanted to find 
the optimal percentage of units to ship to Chicago from Atlanta and Tacoma. Figure 9 
shows the Lingo optimization equation and constraints. In the figure, the equation aims 
to minimize the combination of X1, Atlanta, and X2, Tacoma, given their attached costs, 
$41,712.83 and $39,370.65 respectively. Through a very quick computation, it can be 
seen in figure 10 that 100% of units shipped to Chicago should go through Tacoma. 
 
 
Figure 9 – Scenario 3 Lingo Equation and Constraints 
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Figure 10 – Scenario 3 Lingo Results 
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Chapter 6: Results and Discussions 
 
From the results of the LTL and FTL calculations, the YACD team found improvements 
on network optimization when checked against the 2018 data. As mentioned earlier, the 
FTL calculations did not give any reliable information regarding network improvement 
and, therefore, will not be mentioned in this section. For scenario1, moving the port-of-
entry from Tacoma, Washington to Atlanta, Georgia improved on mileage, with a savings 
of 61%, but did not improve on costs, with an increase of 1%. For scenario 2, adding a 
port-of-entry at Savannah, Georgia to compliment Tacoma, improved both metrics, with 
costs reducing by 27% and mileage reducing by 73%. Scenario 3 gave the best results, 
with a reduction in cost by 41% and a reduction in mileage by 82%. Disregarding scenario 
1 as an option, due to its increased cost by 1%, and considering the decision to not 
purchase or lease a warehouse in Chicago, Motor Boaters USA should move forward with 
scenario 2. If, in the future, Motor Boaters USA decides it is feasible to purchase or lease 
a warehouse in Chicago, shipping by ocean to both Tacoma and Atlanta and then by rail 
to Chicago would present the optimized solution to their network distribution issues. 
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Chapter 7: Conclusions 
 
Motor Boaters USA requested that the YACD team improve their distribution network for 
their outboard motors. Through data cleaning, data analyses, clustering methods and 
network calculations, the YACD team was able to find optimized solutions to their network 
in order to present an option moving forward. The YACD team examined three 
alternatives. The first alternative included moving the port-of-entry from Tacoma, 
Washington to Savannah, Georgia. The first alternative presented the least desired result, 
which included increasing costs by 1%. The second alternative included adding a port-of-
entry to Savannah, Georgia to compliment the port-of-entry in Tacoma, thereby creating 
two separate distribution regions, the east and the west. The second alternative 
presented a feasible solution, with a decrease in costs by 27% and a decrease in mileage 
by 73%. The third alternative included a third regional distribution center in Chicago, 
Illinois, along with the already installed second port-of-entry at Savannah. With the 
distribution center in Chicago, which is supplied by Tacoma and Atlanta via rail, the costs 
improved to its best, with a savings of 41%, and the mileage improved to its best, with a 
reduction by 82%. While the third scenario is the most optimized, it is unlikely that Moto 
Boaters USA will pursue such a situation due to its disinterest in purchasing or leasing a 
warehouse in Chicago. 
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Chapter 8: Challenges Faced 
Data acquisition and interpretation were main factors in creating delays for the team. In 
order to counteract this issue, the team pushed MBUSA for the data and explanations 
needed, researched missing or omitted data, and estimated data that was not clear. 
 
Outside of missing or omitted data, there were multiple discrepancies with the data itself. 
Initially there were mileage rates that were not correct such as charging $10.22 per mile. 
These inaccuracies were found through a combination of skepticism and web research. 
Again, the team had to motivate MBUSA to provide corrections to the data in order to stay 
on schedule. Within the data cleaning mentioned earlier in the paper, the inaccuracies 
were also corrected along with reducing data size for analyzation and calculation. 
 
Using the data to reach conclusions was difficult without proper methods or applications. 
Consultation with faculty within the ISYE department greatly helped us in handling our 
methodology issues and propelled us forward through the project. Speaking with the 
faculty also gave us some insight into which applications that were available. 
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Appendix C: Reflections 
Throughout this project, multiple lessons have been learned including the importance of 
communication, directions of objectives and following of schedules. Everything seems clear when 
looking back on the project. A clarified and more useable solution could have been reached if 
every method and step were defined. The team will use the knowledge they have gained from 
completing this project in different situations in the future. 
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Appendix D: Link to Project Video 
Please follow the link below to view the project summary video. 
https://youtu.be/gxCizzC75Jc 
 
